This paper describes the experience in the implementation of an archival description system based on XML standards: EAD, EAC-CPF and VRA. The system offers the capability of managing and publishing archival descriptions of historical engineering fonds, plus description of the works and artifacts created by civil engineers. To accommodate the different types of descriptions in a single information system, the work environment developed gives the choice of editing data using different XML standards and combine descriptions using XSLT technologies. The system is supported on Oracle(R) XML native databases.
Introduction
Centers involved in providing information services and taking care of cultural assets (libraries, archives, museums and historical documentation centers) face the need of working with different metadata schemas. The professional community has developed a wide range of schemas to describe, manage and preserve metadata about intellectual works and document collections.
For libraries, metadata schemas like MARCXML, MODS (Metadata Object Description Schema) or MADS (Metadata Authority Description Schema) have achieved a wide popularity. In the case of archives, EAD (Encoded Archival Description) and the recently published EAC-CPF (Encoded Archival ContextCorporations, Persons, Families) are widely used to encode descriptions of fonds and authority and context records. Professionals working at museums have also developed different metadata schemas to describe the items in their collections: museumdat (developed in Germany by the Fachgruppe Dokumentation im Deutschen Museumsbund, the Institut für Museumsforschung SMB-PK and the Zuse-Institut Berlin) for harvesting museum metadata, the VRA Core (Visual Resources Association) hosted by the Library of Congress, CDWA Lite (XML schema to describe core records for works of art and material culture) based on CDWA (Categories for the Description of Works of Art) or the LIDO schema (Lightweight Information Describing Objects) published by the ICOM (International Council of Museums) are between the most popular schemas. In the case of metadata for museums, the schemas share the common structure defined in ontologies like the CIDOC-CRM (CIDOC Conceptual Reference Model).
A particular case of the centers involved in the maintenance of cultural heritage are the archives holding documents for engineering works. These centers not only need to restrict their activities to the description of the documents containing descriptions of the technical works and engineering artifacts and the processes and activities that lead to their design and construction. These centers also need to provide target users with descriptions of the engineering artifacts and descriptions of images, plans, etc. This is because the end users are interested not only on the documentation, but also on the technical characteristics of the engineering work. For them, the documents are useful to understand the process behind the design and construction of the engineering work, but the description of the artifact or work itself has a value that may be even greater than the value of the related documents. As an example, users of engineering archives normally use the information about the engineering work or artifact (type, location, etc.) as the main criteria to access the description of the documents in the archives.
Due to this reason, an archival information system for archives managing engineering documentation must give archivists and information professionals the possibility of combining descriptions of different types: the use of EAD with EAC-CPF is not enough, and information and metadata about engineering artifacts must also be systematically collected and published. This is a particular case of the metadata integration needs described in different papers (Bountouri & Gergatsoulis, 2009) (Bountouri, 2009 ) (Carrato-Mena, 2008 . The project described in this paper describes a work environment developed for the staff working at CEHOPU (Centro de Estudios Históricos de Obras Públicas y Urbanismo) to create and manage different types of metadata for the creation of a virtual archive of historical engineering documents. CEHOPU is part of the Spanish Ministry of Civil Engineering (Ministerio de Fomento).
Combining metadata in XML
As an information center holding archival materials related to the history of civil engineering in Spain, CEHOPU needed to collect not only descriptions of the different fonds and document collections. The information about engineers and engineering companies, their history and biographies, major achievements, historical events, and the data about the engineering works (designed and built or just designed) is a major component of the needed information system. An analysis of the data requirements for this information system identified different types of entities and properties that should be stored. But this analysis must be done in the context of the information and data exchange needs that information centers must satisfy. The automated exchange of data based on open protocols and specifications like OAI-PMH (Open Archives Initiative -Protocol for Metadata Harvesting) is a must-have for any information system today. An archival information system cannot be designed without the capability of exchanging metadata using open protocols and standards.
This requirement has an impact on the descriptive metadata that must be supported. If we consider the information center as an archival institution, standards like EAD are needed to encode the description of the archival units at the different levels (fonds, collections, series, files, etc.). From the perspective of a repository holding works produced by specific engineers and engineering companies, the EAC-CPF standard offers the necessary elements to record biographical and historical details. The information about the intellectual works -in addition to the archival materials -produced by these engineers (books, manuals, conference papers, manuscripts, etc.), require the use of other schemas like MARCXML and TEI. As a repository containing documents related to engineering works, an additional schema is needed to capture these data. Regarding this point, the proposed solution chose to apply the VRA Core schema. This is a data standard for the description of works of visual culture as well as the images that document them. The selection was based in the fact that -for the engineering artifacts -, there is usually a wide collection of photographs and pictures available, and these items also need to be described and linked to the rest of metadata records.
The technical decision is built on the following schemas:
• EAD for archival materials.
• MARCXML for books and journal articles.
• TEI for manuscripts.
• EAC-CPF for biographical data.
• VRA for the description of the engineering works and the images that document them.
The EAC-CPF records are the key component of the proposed information system, as they serve as a glue to combine together the rest of the records by means of cross-references and hyperlinks. Different types of relationships are recorded between the records:
• Links between engineers and between engineers and companies. These relationships are based on the fact that engineers have worked together in the design or construction of a specific work, or in any other kind of personal or work relationship.
• Links between engineers and their intellectual works (books, manuscripts, technical documents, personal fonds).
• Links between engineers and their engineering works.
• Links between the engineering works and the related documentation files.
• Links between engineering corporations and engineering works.
Tools for archivists
The work environment is built on top of these main software components:
• An XML editor -Altova® Authentic® -to create the different types of metadata records: EAD, EAC-CPF, VRA Core, TEI, etc. With this tool it is possible to create custom templates based on different XML schemas to make document creation easier. Templates for the different types of metadata schemas have been created sharing a common look and feel.
• To create the links between the different types of records, a complement has been developed that gives users the possibility of searching for other items in the repository and select those items that must be linked with the record that is being edited. This ensures the consistency between the links in the repository, as the target records of the hyperlinks must not be written by hand, but they are always chosen from a list of the valid, authorized existing records in the repository.
• XML repository -This is a Berkeley DBXML database where the XML records created with the editor are stored. The communication between the XML editor and the native XML database is managed through a set of PHP pages hosted in the same intranet web server running the native XML database. The standard API provided by the database is used for the typical CRUD (Creation, Read, Update and Delete) operations. The use of native databases has been reported in previous projects (Cornish, 2004) , although the possibilities they offer have not been analyzed in all their potential.
• Link Extraction Module -this is a Microsoft® Visual Basic program that processes a collection of records selected by the user and extracts the links as a set of RDF triples. The decision to store the links and relationships between the different entities managed by the information system in separate files (and not as part of the original XML records), was taken to facilitate a quick searching of the set of relationships available for a specific entity. One of the most important features of the proposed solution is the capability of browsing the set of entities, and this capability is better supported and easier to implement if the relationships are stored in a separate file, avoiding the need of searching simultaneously different collections of records based on different XML metadata schemas.
• Output generation -this is a Microsoft® Visual Basic software component that applies a set of XSLT and XSL-FO stylesheets defined for the different types of metadata records and generates a set of hyperlinked HTML and PDF documents. Different views are created for the set of files. In some cases, the resulting page corresponds to a specific XML metadata record; in other cases, the resulting page combines data from different XML metadata records in a single view. This happens, for example, with the pages containing the list of images for a specific engineering work, or the pages showing the list of engineering works designed by a specific engineer or company.
• The software component for output generation also creates index pages to browse list of person and company names, geographical locations, and years linked to specific events. The capability of browsing these indexes is combined with a full-text search method built on top of Google technologies.
Conclusions
The need of combining different types of metadata is a must have for a complete, fully features archival information system dealing with engineering documents. Archivist and information specialists need to encode descriptions and metadata not only for the traditional archival materials, but also for other intellectual works (books, manuscripts, letters, etc.), and engineering artifacts produced by the engineers. The analysis of existing literature does not provide similar examples in the context of historical engineering archives. The data requirements for this system can be mapped to existing standards like EAD, EAC-CPF, TEI or VRA Core. The use of standard, reliable and tested XML metadata schemas also opens the possibility of sharing metadata with other repositories and participating in metadata sharing initiatives.
The proposed solution is built on top of an XML editor and a native XML database to accommodate these requirements. For the different XML schemas, custom templates are provided, and two additional processes have been implemented for the generation of the pages targeted to the end-users and for the extraction of relationships between the types of entities represented by the different metadata records.
